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Introduction
The following comments are provided by by Western Resource Advocates (WRA), the Arizona Utility
Ratepayer Alliance (AURA), Diné CARE, To Nizhoni Ani, Western Grid Group, Arizona Interfaith Power
and Light, the Conservative Alliance for Solar Energy (CASE), the Tucson 2030 District, the Arizona Solar
Energy Industries Association (AriSEIA), Efficiency First Arizona, the National Association of Energy

Service Companies (NAESCO), the Solar Energy Industries Association (SEIA), the Polyisocyanurate
Insulation Manufacturers Association (PIMA), the Arizona Community Action Association (ACAA), the
Southwest Energy Efficiency Project (SWEEP), and Our Mother of Sorrows Catholic Church regarding the

2017 Integrated Resource Plans filed by APS and TEP.

regarding the 2017 Integrated Resource Plans filed by APS and TEP.

As several stakeholders have indicated in their comments to this proceeding, the plans that were filed
by APS and TEP are biased in favor of natural gas expansion, and biased against other resource options
including renewable energy, energy storage, energy efficiency, and demand management. Importantly,

we note that these other non-gas resource options are not only preferred by customers but also could
lead to less overall cost and risk to customers going forward. As such, we describe here an Alternative
Portfolio for both APS and TEP that we believe would provide a better path going forward in terms of
meeting customer needs than the portfolios selected by APS and TEP in their 2017 lips.

Collectively the Alternative Portfolios would eliminate the need for over 4,520 MW of natural gas
additions planned by APS and TEP. They would also put each utility on a path towards approximately

40% renewable energy by 2030, while investing in over 2,530 MW of new energy storage resources, and
reducing peak demand by over 2,640 MW through energy efficiency and over 540 MW through demand
management and demand response. Moreover, the Alternative Portfolios could save Arizona utility
customers over $542 million when compared to the plans selected by APS and TEP.

Given limited budget and time constraints, the analysis presented here does not provide the full suite of
technical modeling that could be pursued in developing an IRP. Nevertheless, we believe the analysis
presented is sufficient to provide insight into the viability of the Alternative Portfolios and we

recommend that they be thoroughly considered. We believe this provides a valuable "proof of concept"
for what could be achieved while providing reasonable estimates of the potential costs and operational
issues that may be encountered along the way. We welcome further discussion with Aps, TEP and the

Commission about these alternatives and any additional supporting analysis that may be needed.

R e c o m m e n d a t i o n s

As our analysis demonstrates, we believe the Alternative Portfolios presented here each provide a viable
option that has many advantages over the portfolios selected by APS and TEP. In order to achieve the
outcomes characterized by the Alternative Portfolios, we recommend several steps for the Commission
to take:

Establish a goal for APS and TEP to achieve at least 40% renewable energy by 2032. Include in
this goal a set aside for renewable energy projects that provide a benefit to the Navajo and Hopi

tribes of at least 300 MW for APS and 160 MW for TEP.
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In the IRP proceeding, require each utility to adopt a near term action plan that includes the

following:
APS and TEP should each procure, respectively, 270 MW and 250 MW of energy storage

by 2022.
o At a minimum, APS and TEP should each continue to pursue energy efficiency resources

at levels achieved in 2016, for each year from 2020 through 2032.

o APS and TEP should pursue additional energy efficiency measures and advanced
demand-management measures (beyond 2016 levels) that are specifically tuned to the
evolving load shape (this should not include efforts being pursued through rate design

or energy storage).
APS and TEP should pursue nearterm procurement (by 2022) of a balanced mix of
renewable resources including at least 575 MW of wind (375 for APS and 200 MW for
TEP), 970 MW of solar PV (700 MW for APS and 270 MW for TEP), and 30 MW of forest
biomass for Aps.

Direct the utilities to develop a quantitative assessment of the impact of electric vehicles on
system energy needs and needed charging capacity.

Consider the Alternative Portfolios presented here in any future review of or application for

natural gas plant construction or acquisition.

Summary of the Resource Portfolios Selected by APS and TEP in their

2017 IRPS

APS' Selected Portfolio

In its 2017 IP, APS selected a resource portfolio (the "Flexible Resource Portfolio" or "Selected
Portfolio") that includes significant nearterm natural gas resource additions, no increase in utility-scale
renewable resources, significantly reduced demand-side management efforts, and almost no nearterm
energy storage resources. Specifically, the plan includes the following:

Over 5,500 MW of new natural gas resources by 2032. More than 2,400 MW of these gas

resource additions occur within the next five years including 1,500 MW of combined cycle
additions and over 900 MW of combustion turbine additions.

No new utility-scale renewable resources except for a small wind contract extension (16 Mw-
peak) in 2027.

Peak demand reduction from energy efficiency is scaled back from approximately 100 MW
annual incremental savings (or about 1,000 MW over 10 years) to 50 MW annually (or about 500
MW over 10 years).

Only 3 MW of energy storage added over the next 5 years.

yEp's Selected Portfolio

In its 2017 IP, TEP selected a resource portfolio (the "Reference Case") that includes significant near-
term natural gas resource additions, significantly reduced demand-side management efforts, modest

near-term renewable resource additions and modest nearterm energy storage resources. Specifically,
the plan includes the following additions over the next 15 years:
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Approximately 750 MW of natural gas capacity additions, including 336 MW of RICE units and
412 MW of combined cycle units. 600 MW of these additions occur within the next five years.

Over 700 MW of new renewable resource capacity by 2032, including 100 MW of wind and 80
MW of utility-scale solar added within the next five years.

Peak demand reduction from energy efficiency is scaled back from approximately 36 MW annual
incremental savings (or about 360 MW over 10 years) to only 9 MW annually (or about 90 MW

over 10 years).

100 MW of energy storage additions, with 50 MW occurring within five years.

In both cases, the utilities have selected portfolios that significantly expand natural gas resources in the
near term. Meanwhile, both utilities significantly scale back their energy efficiency efforts relative to

current levels, resulting in less energy savings and less peak demand savings going forward relative to
current efforts. APS adds no meaningful new utility-scale renewable resources. In TEP's case, significant

renewable energy resource additions are included, enabling 30% renewable energy by 2030.1 However,
most of these additions do not occur until much later in the planning horizon (i.e. after 2023). Both
portfolios include meaningful energy storage resources, however, in Aps' case most of these additions
do not occur until after 2024.

We recognize that APS and TEP studied additional portfolios as part of their IRP analysis. However, we

find that these other portfolios are not meaningfully different in terms of the expansion of natural gas
resources. For example, the chart below illustrates that all seven of the portfolios analyzed by APS
contain identical additions of natural gas combined cycle units (except for one minor change to one
portfolio in the final year). Similarly, TEP did not appear to defer any gas generation resource additions
in the portfolios that contained alternative resources.

1 Figure according to TEP; the 30% renewable level may apply only to renewables' share of retail sales, not the full

system generation.
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Future NGCC Capacity Additions in Aps' IRP Portfolios
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Figure 1. Comparison of NGCC capacity additions in portfolios analyzed in Ape IP. Data source: APS 2017 IP, Attachment
F.1(A)(1) through F.1(A)(7).

Both portfolios appear to emphasize near-term natural gas resource additions instead of a combination
of renewables, energy storage, and demand-side management. We do not believe this emphasis on
natural gas matches customer preferences, moreover it represents a substantial increase in cost and risk
borne by customers due to the uncertainty of future fuel commodity prices and the fact that fuel costs
(and associated price risk) are directly passed through to customers. To better match customer
preferences for clean energy and to better manage the cost and risk associated with natural gas
additions, we developed an Alternative Portfolio for both APS and TEP for the Commission's
consideration. These Alternative Portfolios are the result of a detailed analysis of the information
provided in the APS and TEP IRis, with specific modifications as described below.
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Summary of the Proposed Alternative Portfolios for APS and TEP

APS Alternative Portfolio Summary

The APS Alternative Portfolio would reduce the addition of new natural gas resources over the next s

years from over 2,400 MW to just 510 Mw.2 Over the long-term it would eliminate the need for over

3,875 MW of new natural gas additions when compared to Aps' Selected Portfolio. In place of these gas

additions, the Alternative Portfolio would include the following new resource additions:

1,105 MW of new large-scale renewable energy resources over the next 5 years, ultimately

reaching more than 3,000 MW of new renewables by 2032. The near term additions would

include 375 MW of wind, 700 MW of solar PV, and 30 MW of biomass. By 2032 wind additions

would reach 1,105 MW and solar additions would reach 1,920 MW.

New energy storage resources totaling 270 MW over the next 5 years and 2,100 MW by 2032.

Incremental energy efficiency resources totaling 723 MW of cumulative peak demand reduction

over the next 5 years and nearly 1,970 MW by 2032.

Incremental new demand response and demand management resources totaling 168 MW over

the next S years and over 450 MW by 2032.

As a result of these changes and others described herein we estimate that the total revenue

requirement (net present value) for the APS Alternative Portfolio would be over $275 M less costly to

customers over the 15-year period than the portfolio selected by Aps.

Additionally, we estimate that the Alternative Portfolio would meet basic peak demand (MW) and

energy (Mwh) needs in each year of the planning horizon. We also estimate that the Alternative

Portfolio would provide sufficient flexible ramping capability on Aps' system to meet the maximum

ramp events expected to occur in each year through 2032. Overgeneration events would continue to

occur on a limited number of low load days throughout the year but could be managed through a

combination of energy storage, modest renewable resource curtailment, and continued participation in

regional markets.

2 The remaining 510 MW consists of the Ocotillo Modernization Project, which we presumed was too advanced at
this stage to be avoided.
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APS Alternative Portfolio Resource Additions
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Figure 2. Capacrry additions included In the APS AlternatiVe Portfolio by /VIW peak ron!Ivbutions.
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E E303030 3018 30

NG Combined
Cycle
NG Combustion
Turbine

Energy Efficiency
Demand
Response

375757575 7575 1,920
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280 140
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45 mms:

Wind
nameplate)
Solar PV
(nameplate)
EnergyStorage

Table1. Near term r850i1(< ridriirions in the Alternative Porrfn/1 o &>rAP$

TEP Alternative Portfolio Summary

The TEP Alternative Portfolio would reduce the addition of new natural gas resources over the next five
years from over 600 MW to 100 Mw. Over the longterm it would eliminate the need for approximately
650 MW of new natural gas additions when compared to TEP's Reference Case. One 100 MW RICE unit
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addition included in the Reference Case would be delayed from 2020 until 2022 while other RICE units

and combined cycle resource additions would be eliminated. In place of these gas additions, the

Alternative Portfolio would include the following new resource additions:

• 470 MW of new large-scale renewable energy resources over the next s years, reaching over

1,125 MW of new renewables by 2032.

New energy storage resources totaling 250 MW over the next 5 years and over 430 MW by

2032.

Incremental energy efficiency resources totaling 225 MW of cumulative peak demand reduction

over the next 5 years and 675 MW by 2032.

Incremental new demand response and demand management resources totaling 30 MW over

the next 5 years (above existing levels) and 90 MW by 2032.

As a result of these changes and others described herein we estimate that the total revenue

requirement (net present value) for the Alternative Portfolio would be $268 M less over the 15-year

period than the portfolio selected by TEP.

Additionally, we estimate that the Alternative Portfolio would meet basic peak demand (MW) and

energy (Mwh) needs in each year of the planning horizon.

We estimate that the Alternative Portfolio would provide sufficient flexible ramping capability on TEP's

system to meet the maximum 10-minute ramping events through 2024. Additional analysis may be

needed to assess 10-minute ramping needs over the long term.

Due to time and resource constraints we were unable to analyze any overgeneration issues on TEP's

system. However, we believe TEP will be able to employ strategies similar to those we describe for APS

to manage this, including energy storage, renewable resource curtailment, and regional market

participation.
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TEP Alternative Portfolio Resource Additions
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Figure 3. Capacity additions included /ii the TEP Alternative Portfolio by MW peak contributions.
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Resource Additions
(MW nameplate, incremental)
Natural Gas Combined Cycle
Natural Gas RICE
Incremental DSM (MW)
Incremental DR (MW)
Incremental Wind (nameplate)
Incremental Solar PV (nameplate)
Incremental Storage

Table 2. N£or term resource additions in the Alternative Portfolio for TEP

Portfolio Construction
In  each case, the development of the Alternative Portfo l ios began by using the Selected Portfo l io  or
Reference Case Portfolio developed by APS and TEP as a start ing point. We relied on the same energy
and peak demand forecasts as those developed in the ut i l i ty  portfo l ios. We also re l ied on the same

forecasts for  d is tr ibuted energy inc luded in  the ut i l i ty  port fo l ios.

We then removed or delayed several of the natural gas p lant addit ions proposed in these portfo l ios. For
Aps, one except ion to  th is  was the 510 MW combust ion turb ine addi t ion assoc ia ted w ith  the Ocot i l lo

Modernization Project. Since th is project is a lready at a very advanced stage, we presumed it  could not
be signif icantly a ltered. For TEP we delayed the addit ion of the f irst 100 MW of RICE units to 2022.
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Next, sufficient additional resources were included to ensure that the portfolios met both annual peak

demand (MW) needs and annual energy (Mwh) needs for each year through 2032. To ensure a

reasonable build out, we limited additions of certain resources to a finite amount in each year. For

example, wind additions were limited to no more than 100 MW in a single year for each utility. Several

additional timing adjustments were also made, included the following:

Extended one tolling agreement for Aps.'

Extended the PacifiCorp/APS diversity exchanged

Modified short term market purchases within 5 years.5

Retired Cholla Generating Station in 2024 and Four Corners Generating Station in 2031.6

For existing thermal units, energy output was initially set to match the capacity factors modeled in the

Selected Portfolios. Adjustments were then made to the energy ouptut from certain thermal units based

on overall energy needs. In most years, this led to a reduction in output, reflecting the fact that

additional energy efficiency and renewable resources will likely lead to reduced overall energy need

from thermal generation in some years, thereby yielding additional fuel cost savings (or potential off-

system sales).

Detailed load and resource tables and energy mixes are presented in Appendices A & B.

3 Similar to the method employed by APS in construction of its Selected Portfolio.
4 See: https://www.azcentral.com/story/money/business/2014/09/11/aosplanscloseone-fourgeneratorscholla
powerplant/1545S255/
5 Assumes shortterm capacity purchase price of $50/kW-yr.

6 Similar to TEP's Reference Case and Aps' Coal Reduction Portfolio.
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Table 3. Comparison of Key Asst/motions in APS Selected Portfolio and the Alternative Portfolio

Alternative PortfolioAPS Selected PortfolioLoad/Resource
Assumptions

Load Forecast
Renewable Energy

50%  increase by 2032
No new resources (except for one
smal l  w ind contract  extens ion)

Distr ibuted Energy
Energy Storage

Energy Efficiency

200  M w /yea r  o f  DG added
3 MW by  2022;
397  MW by  2032
Reduct ion  f rom cur ren t  p rogram
leve ls  o f  50  MW/year
Increase o f  25 MW/year s tar t ing
in  2021

Same as APS Selected Portfolio
1 ,105  M W o f  new  w ind
1,920 MW of new solar PV (SAT)
30 MW of  fo res t  b iomass
Same as APS Selected Portfolio
270 MW by 2022;
2 ,104  MW by  2032 ;
Increase f rom current  p rogram
leve ls  o f  25  MW/year
Increase o f  30 MW/year s tar t ing
imme d ia te ly

De ma n d
Response/Demand
M anagemen t
Existing Coal Navajo ret ires in 2020

Cholla ret ires in 2025

Extends one to l l ing agreementToll ing/Exchanges

Navajo ret ires in  2020
Cholla retires in 2024
Four Corners ret ires in 2031
Extends two to l l ing agreements
Extends PAC diversity exchange
No NGCC addit ionsNatura l Gas Combined

Cycle (NGCC)
Natura l Gas Combustion
Turbine

510 MW added by 2022
1,641 added by 2032

1,500 MW added by 2022
2,000 MW added by 2032
941 MW added by  2022
3,516 MW added by 2032
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Alternative PortfolioTEP Reference CaseLoad/Resource
Assumptions

Load Forecast
Renewable Energy

Distributed Energy
Energy Storage

Energy Efficiency

Same as TEP Selected Portfolio
200 MW new wind by 2022
525 MW new wind by 2032
240 MW new solar by 2022
600 MW new solar by 2032
Same as TEP Reference Case
250 MW by 2022;
515 MW by 2032;
Increase from current program
levels of 9 MW/year
Increase of 6 MW/year

Annual growth rate of "1%
100 MW new wind by 2022
325 MW new wind by 2032
80 MW new solar by 2022
450 MW new solar by 2032
128 MWpeak by 2032
55 MW by 2022
105 MW by 2032
Reduction from current
program levels of 20 MW/year
Increase of 3 MW/yearDemand Response/Demand

Management
Existing Fossil Navajo retires in 2020

Four Corners retires in 2031
San Juan Unit 1 retires in 2022
Sundt Units 1, 2, & 3 retire in 2020,
2022, and 2030
No NGCC additions

Navajo retires in 2020
Four Corners retires in 2031
San Juan Unit 1 retires in 2022
Sundt Units 1, 2, & 3 retire in
2020, 2022, and 2030
412 MW added by 2022Natural Gas Combined Cycle

(NGCC)
Natural Gas RICE 100 MW added by 2022192 MW added by 2022

336 MW added by 2032

Renewable Energy Resource Additions
Additional renewable energy resources were included in the Alternative Portfolios beyond what has
been proposed by APS and TEP. Specifically, for APS we propose adding 375 MW of new wind resources
and 700 MW of new largescale solar resources over the next five years, and over 3,055 MW
(nameplate) of new large-scale renewable resources by 2032. We estimate this would contribute nearly

1000 MW towards meeting APS' peak demand requirements in 2032. Additionally, as discussed below,
some of these resources could be paired with storage to provide additional capacity benefits.

For TEP we propose a similar buildout of renewables as TEP's selected Reference Case, however these
resource additions would be accelerated to occur primarily before 2023 rather than after that year. In
addition, after 2023, 200 MW of wind and 150 MW of solar would be added.

For distributed resources we incorporated the same projections of customer adoption included in APS
and TEP's plans. We recognize that these projections could change, particularly in light of recent
decisions affecting net metering and retail rate structures that may reduce deployment of rooftop solar
going forward. In this case, there would be a reduced risk of overgeneration and ramping constraints

under both the Selected and Alternative Portfolios.
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Overall, we estimate that these additions would result in renewable energy (including distributed

energy) accounting for approximately 40% of Aps' and TEP's energy mix by 2030.

We believe APS and TEP's underutilization of renewable energy resources is due, in part, to using

unreasonably high price assumptions for renewable resources. The prices in Aps' resource plan, in

particular, do not reflect the low prices of solar and wind that we have seen in recent RFPs and executed

PPAs. In the alternative portfolios, new renewable energy resource costs were estimated based upon on

recent PPA purchase prices in the region. For instance, solar PV PPA prices in Nevada, Colorado, and

Arizona have recently been reported in the $29-35/MWh range.7 Notably, in the Nevada case, there was

no escalator applied to the PPA price of $34/MWh. Wind PPA prices for projects in New Mexico have

recently been reported in the $18-20/MWh ranges Even if additional transmission costs are necessary

to deliver this wind energy to Arizona, we find that wind resources would still be competitive.9 Based on

this knowledge we assumed a PPA price of $40/MWh for wind and $34/MWh for solar PV in the 2018

timeframe. For comparison, APS assumes a levelized cost of $158/MWh for wind and $58/MWh for

solar PV (tracking), for installations in 2020. TEP assumes a levelized cost of s53/Mwh for wind and

$44/MWh for solar PV (tracking) for installations in 2018 (Table 5).

Table 5. Co/*warison of recent renewable energy PPA prices to renewable resourcecostsused by APS and TEP in Ihplrlips.

TEP Modeled CostsAPS Modeled CostsRecent PPA or RFP

Prices"
$44/MWh$58/MWhUtilityScale Solar PV

(SAT)

$53/MwhWind $158/MWh

$31 - 34/MWh (NV
Energy, 2017)
$29.50/MWh, median
price (Xcel Energy
(Colorado), 2017 RFP)

$19/MWh (Southwestern
Public Service Co., Sagamore
project, eastern New
Mexico, 2017)

Additionally, wind and solar technologies were assumed to decline in cost at a rate of 1% and 2% per

year respectively. Furthermore, we assumed prices for new wind and solar projects were adjusted over

•

•

energyseeksapprovalfor
returnsincredible

3134mwhsolarppas/
renewableenergystorage

7 See for example the following recent announcements:
https://pvmagazineusa.com/2017/11/09/nv
https://www.utilitydive.com/news/xcelsolicitation
bids/514287/
https://www.utilitvdive.com/news/updatedtucsonelectricsignssolarstorageppafor~lessthan
45kwh/443293/

s https://www.xcelenergy.com/staticfiles/xe
responsive/Companv/Rates%20&%20Regulations/Regulatorv%20Filings/NMFilingsDavidT%20HudsonNM-
Direct.pdf
9 Recent analysis by NREL has estimated incremental transmission costs for wind energy in the region to be
approximately $22/MWh, based on the Sur Zia project: https://wwwnrel.gov/docs/fvl7osti/66§.Q6..pgf
10 Solar prices predate the solar tariff announcement
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time to account for the phase out of federal tax credits as well as new trade tariffs imposed on solar PV
modules beginning in 2018.11

New Renewable Energy PPA Prices

New wind PPA Price ($/MWh)New Solar PV PPA Price (S/Mwh)

$60

$40

$20

. c

3
E
a

SO
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Table 6. New renewable resource costs assumptions used in developing the Alternative Portfolios. Solar and wind PPA prices arr
based on recent public announcements and are ad/usted for phase out of federal f ax reedits (PTC/ITC) as well as recent Section

201 trade tariffs

Hourly energy output profiles for wind and solar PV resources were developed using the System Advisor
Model, using representative data for Arizona and New Mexico. These profiles were used to calculate net
load for analyzing ramping and overgeneration issues on an hourly basis for Aps.

Although renewable resources are intermittent they still provide a capacity contribution to the system
that is less than their nameplate values. Both APS and TEP include assumptions for the peak-coincident

capacity contributions of wind and solar PV resources.

cTable 7. Comparison of capucizy values for renewable resow pa usedby APS and TEP.

Capacity Value

(peak
coincidence)Resource Type

34%

65%

23%

TEP Plan:

Solar PV - Fixed

Solar PV - Tracking

Wind

_ _
10-50%

4073%

1820%

APS Plan:

Solar PV Fixed

Solar PV - Tracking

Wind

11 Analysis by Marathon Capital has shown that the likely impact of the Section 201 trade tariffs is likely to be on
the order of 10-12% in 2018 (see httos://www.marathoncap.com/news/impactofsection201im.port taritf_son
utilitvscalesolar|coe). This impact will be reduced in later years as the tariffs phase down and would not apply to
projects where PV modules were procured in advance, projects using modules that qualify for the 2.5 GW
exemption, or projects using module technologies that are not affected by the Section 201 tariffs. Additionally, the
impact will likely be dampened in high insulation regions such as Arizona due to higher output relative to initial
module costs.
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For solar resources, we assume installations are predominately gridscale tracking systems with an initial

capacity value of 65%, which is consistent with the value provide by TEP and the range provided by Aps.

However, as APS notes, "capacity values are subject to change and vary with existing levels of

penetration." Thus, the capacity value for solar PV was steadily adjusted down over time to reflect the

reduced capacity contribution of solar PV as penetration increases, ultimately reaching the lower end of

the range provided by Aps. It should be noted that coupling renewable energy resources with even a

modest amount of energy storage may be a cost-effective way to limit this decline in capacity value.

Notably, the median bid price received in Colorado for over 10,000 MW of proposed solar PV plus

storage projects was $36/MWh, compared to our initial PV only cost of $35/MWh. Since our initial PV

cost is somewhat conservative relative to recently announced prices, it may be possible to assume that

most of the future solar PV projects could include a storage component. For wind we assumed capacity

values reported by APS and TEP respectively. For solar resources we assumed annual output (capacity

factor) consistent with TEP's plan and resources on Aps' system. For wind resources we assumed annual

output (capacity factor) similar to the recently proposed projects in New Mexico.

Navajo and Hopi Energy Resources

Arizona's economy has depended on tribal energy for decades through the use of power from Navajo

Generating Station both for direct energy consumption and for pumping water to Phoenix and Tucson.

In turn these communities have depended on the economy created by the Navajo Generating Station.

While we agree that the plant is no longer economic and should be closed in 2020 as currently planned,

we are supportive of a continued interdependence between the tribes and the broader Arizona

community in terms of their shared energy economy.

Both APS and TEP are part owners of Navajo Generating Station (nos), owning 315 MW and 168 MW

respectively. Each utility also has access to a corresponding amount of transmission from the plant that

could be repurposed for other resources developed in the vicinity of NGS. As such, a corresponding

portion of the renewable resources in each Alternative Portfolio could be specified for projects

developed in part to provide a continued benefit stream to the tribal communities. This corresponds to

roughly 1020% of the nameplate capacity of renewable resource additions proposed in each Alternative

Portfolio. We believe the Commission should consider establishing a tribal renewable resource target as

a means to help ensure this outcome.

Energy Storage Resource Additions
The Alternative Portfolios include significant new additions of energy storage resources beyond what

APS and TEP included in their plans. These resources are included both to help meet peak demand and

to help meet operational challenges associated with daytime overgeneration and evening ramping as

solar penetration increases. Beyond these function, the energy storage systems can also provide

economic value through energy arbitrage, by charging from the grid during times when energy is

inexpensive, and discharging when it is more expensive. They may also provide fast ramping capabilities

and frequency regulation.
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The storage facilities were assumed to be 4-hour battery energy storage facilities. For APS we assumed
the addition of 270 MW of battery energy storage facilities over the next five years, reaching over 2,104

MW by 2032. For TEP we assumed the addition of 250 MW of battery energy storage facilities over the
next five years, reaching over 430 MW by 2032

Energy storage costs were based on Lazard's most recent Levelized Cost of Storage study, released in
2017.12 This report estimates a levelized cost of storage equal to $395/kW-yr for a 4-hour duration
lithiumion battery used for weaker plant replacement (including financing). This is based on an

estimated capital cost of $1,338/kW for a battery system installed in 2017.

For comparison, APS assumes a capital cost of $1,539/kW for a 4-hour Liion battery storage system
installed in 2020. TEP assumes a construction cost of $2,568/kW (duration unspecified) for a Liion
battery storage system installed in 2018. For reference, Xcel Energy's recent RFP received bids for over

1,600 MW of stand-alone battery storage, with a median price of $11.30/kW-month, which, if available
yearround, translates to $136/kW-yr."

We estimate a 2% annual cost decline for new energy storage resources, which is consistent with the
forecast provided in the Lazard study. In general, our analysis assessed the addition of standalone

storage resources. However, we are well aware that storage systems are increasingly being paired with
renewable resource additions which offers many potential synergies. For example, storage systems
primarily charged from solar PV can take advantage of the federal investment tax credits, as well as
enhanced performance via DCcoupling. Storage can also enhance the capacity value of wind and solar
by increasing dispatchability during peak hours, and reducing intermittency. These hybrid systems are

also increasingly cost competitive. A solicitation recently conducted by Xcel Energy in Colorado received
bids for over 10,000 MW of solar PV with battery storage projects, with a median bid price of $36/MWh.
It also received over 5,000 MW of wind plus battery storage projects, with a median bid price of
$21/MWh.

Energy Efficiency, Demand Response, and Demand Management

Resource Additions:
For the APS Alternative Portfolio we initially included the energy efficiency and demand response

resource additions included in the High DSM Portfolio developed by Aps. We note that this portfolio
generally reflects a continuation of APS' recent demand-side management efforts in each year of the
plan. For example, APS achieved approximately 100 MW of peak demand savings and 517 GWh of
energy savings from energy efficiency in 2016, which is the approximate amount of peak demand and
energy savings achieved each year under Aps' High DSM Portfolio. For TEP, we also initially included
energy efficiency resources consistent with recent efforts. More specifically, TEP achieved 36 MW of
peak demand savings and 159 GWh of energy savings from energy efficiency in 2016. For both utilities,
additional energy efficiency measures were added beyond this "current trajectory" that were tailored to

12 https://www.Iazard.com/perspective/levelizedcost-of-storage-2017/

la Public Service Company of Colorado, December 28, 2017. 2016 Electric Resource Plan, 2017 All Source
Solicitation 30Day Report (Public Version).
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meet the specific needs of the utilities' evolving load profiles. For Aps, an additional 25 MW of annual
incremental energy efficiency was added, yielding a total of 125 MW of annual incremental peak

demand savings from energy efficiency. For TEP, an additional 9 MW of annual incremental energy
efficiency was added, yielding a total of 45 MW of annual incremental peak demand savings from energy
efficiency."

Energy efficiency resource costs were estimated based on APS and TEP's 2016 DSM portfolios. In 2016,

APS demonstrated incremental first-year costs of $133/MWh ($12/MWh lifetime) and TEP

demonstrated firstyear costs of $114/MWh (S10/MWh lifetime). Costs for procuring incremental

energy efficiency were assumed to increase from 2016 levels at a rate of 3% annually, and were
presumed to be expensed during the year they were implemented.

Energy Efficiency, First Year Costs
(Annual Incremental)
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Figure 4. Portfolio costs for implementing demand side management (DSM) programs included in the Alternative Portfolios

The net load impact from the additional measures (e.g. the 25 MW for APS above the High DSM
Portfolio) was estimated based on a proxy portfolio specifically designed to align with the utilities'
evolving system needs. More specifically, measures were selected that maximize peak demand savings
in summer months while minimizing savings during daylight hours in the spring months (when solar

generation is prominent). The proxy measures found to achieve this effect consist primarily of
residential cooling measures, commercial cooling measures, and commercial exterior lighting measures.
The charts below illustrate a comparison of the incremental DSM measures to the APS net load profile

during both spring and summer months. As these charts indicate, the DSM portfolio is well matched to
the system needs across multiple seasons.

1 4 . . . .

Since these incremental measures are more targeted to MW peak savings, we assumed a proportionately lower
overall GWh savings than other measures included in the portfolio.
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DSM Savings vs. Net Load - Spring
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Figure5. Comparison of AP$forecasted net load in spring and summer months to the 50vinq.s achieved through the inrrrmental
DSM resources included in the Alternative Portfolios.

Both the APS Selected Portfolio and TEP Reference Case include additional demand response. For Aps,

25 MW of annual incremental demand response are added in each year starting in 2021, reaching 300
MW by 2032. We included this same portfolio of DR resources that APS included but accelerated
procurement to begin in 2018 (rather than waiting until 2021). In addition to conventional demand
response, we also included an additional 5 MW of annual incremental demand management savings in
each year. Thus the total demand response and demand management savings reach 30 MW of annual
incremental savings in each year. For TEP we included the demand response included in the Reference
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Case, which averages 3 MW/yr of incremental new resource additions. We also included an additional 3

MW/yr of new demand management savings in each year.

These additional demand management resource additions reflect the potential to achieve new types of
demand savings through advanced demand control technologies and automation that were previously
unavailable. Advanced demand management programs have been implemented by utilities in the

region, but have yet to be scaled up in Arizona. For example, NV Energy has implemented a Residential
Demand Response program that enables the utility to temporarily interact with a participating

customer's enduse loads on hot summer days in exchange for an incentive and enabling technology. In
2015, NV Energy increased participation levels by 28 MW for a total of 180 MW of residential DR. The
total cost to implement this program in 2015 was $11.2 M or about $62/kW. For comparison, Aps' Peak
Solutions DR program costs were approximately $67/kW in 2016 and TEP's C&I Direct Load Control
program costs were approximately $16/kW.

In 2017, NV Energy use of automation and agreements with customers resulted in over 60 direct load

control "events" using thermostats, without much customer override. Many of these automated
"events" did not take place during peak periods. These NV Energy results are based on new, expanded

views of what the opportunities of demand management are, and challenge a common notion that
utilities and customers can only manage around 6-8 events a year.

Based on the cost and performance of demand management programs in Nevada we think there is
significant potential to scale up similar cost-effective demand management programs in Arizona (in fact,
our assumptions may be conservative in this regard). For the Alternative Portfolio, the cost for the

incremental demand response and demand management was estimated based on the cost to procure
demand response as reported in Aps' 2016 DSM plan, escalated at a rate of 3% annually.

Cost Analysis
We evaluated the Alternative Portfolios for their impact in terms of overall cost to customers relative to
the utilities' Selected Portfolios." While some of the changes made in developing the Alternative
Portfolios led to increased costs due to incremental resource additions, other changes let to substantial
cost savings to customers. Notably, cost savings in the Alternative Portfolios were achieved from the
following: 1) avoidance of new natural gas additions and 2) reduced fuel and operating costs at existing

fossil resources (or increased off-system sales). The net impact of these changes is summarized in the
table below. The net present value of customer savings for the Alternative Portfolios were computed
using a discount rate of 7.5%.

is We recognize that federal tax legislation passed in December 2017 may have an impact on overall utility
resource portfolio costs. We did not attempt to account for this in our analysis since the effects are still being
determined. We believe the comparison presented here is sound, even if more nuanced tax rate analysis would
change costs for all portfolios (both Alternative and Selected).
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Table 8. and Table 9.Estimorvd dif/rrvnce in revenue r€qulren1er1!5 belvveen the APP and TFP AlterI1ut1vp Portfolios and the APS
and TEP Selected Portfolios.

APS Alternative Portfolio - Change Relative

to Selected Portfolio

Revenue
Requirement,

$ millions
(npv, 2011-

z032)
($3,511)
(5531)

$3,766

Avoided New Natural Gas Costs
Additional Avoided Fuel Costs

Incremental RE, ES & DSM Resource Costs

Total Increase (Decrease) vs Selected
Portfolio ($275)

TEP Alternative Portfolio Change Relative

to Selected Portfolio

Revenue
Requirement,

$ millions
(NPV, 2017-

2032

(5973)
($144)
$850

Avoided New Natural Gas Costs

Additional Avoided Fuel Costs

Incremental New Resource Costs

Total Increase (Decrease) vs Selected
Portfolio ($268)

The avoided costs of deferred new natural gas additions were readily determined from the estimated
revenue requirements for these resources provided by APS and TEP. This does not account for additional
incremental new pipeline costs which may also be significant.

Additional avoided fuel costs under the Alternative Portfolios were also estimated. To do so, we first
determined the total annual energy production (in Mwh) from both new and existing resources based
on information provided by APS and TEP and the assumptions described in previous sections. Next we

determined the annual MWh load obligation, after accounting for energy efficiency and distributed
generation. The initial MWh supply of the Alternative Portfolio was generally found to exceed the load
obligation in most years. Thus, we assumed that the output at certain existing generators could be
reduced, yielding corresponding savings in fuel and O&M. We adjusted the output of specific existing
generators and estimated the fuel cost savings based on generator-specific assumptions provided by the

utilities.

As noted previously, TEP's Reference Case shows more energy generated (in annual Mwh) than is

necessary to serve its load in each year. Our understanding is that this difference between energy
generated and load is attributable to a significant amount of off-system sales anticipated by TEP. Thus,
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we took into account the effect of potentially reduced offsystem sales when calculating the reduction in

fuel costs.

We recognize that a full production cost simulation would be more precise way of quantifying the fuel
cost savings from existing resources, however, this was not possible given the limited time and

resources available. Nevertheless, we believe this method provides a reasonable first order
approximation of the savings achievable through the Alternative Portfolio.

Additional costs for renewable energy, energy storage, energy efficiency, and demand response were
only calculated for the incremental resources procured above the Selected/Reference Case portfolios. In
this sense, we believe our estimates of these costs are conservative. That is, the total savings from

pursuing the Alternative Portfolio may be even greater since some of these resource types are already
included in the Selected/Reference Case but appear to be less costly than what APS and TEP have
assumed.

Key Performance Metrics
The Alternative Portfolios reflect a more diverse energy mix, and reduce emissions of air pollutants and
water use. This reduces utilities' and customers' risk exposure to rising fuel prices or environmental
regulations.

Arizona Public Service

Under Aps' Selected Portfolio, the utility would be reliant on natural gas to meet approximately 40% of
energy demands in 2032, and 66% of peak load; under the Alternative Portfolio, 28% of Aps' energy
needs are met with natural gasp, 22% is met through enhanced energy efficiency efforts, 18% of
demand is met with nuclear resources, and 32% of demand is met with renewables (both utility scale
and distributed generation). If energy efficiency is excluded from the mix, the portfolio meets an
equivalent of a 40% renewable portfolio standard. Figure 6 illustrates the energy mix for Aps' selected

portfolio and the Alternative Portfolio.

The diversified fuel mix has important implications for carbon emissions and water use. The Alternative
Portfolio reduces Aps' carbon emissions, reducing the potential cost of complying with future federal
carbon regulation (Figure 7). In its IRP, APS models a carbon price of $15/metric ton, beginning in 2023.

If these carbon prices are applied, the value of the avoided carbon emissions in the Alternative Portfolio
is estimated at approximately $300 million (npv)."

Similarly, expected water use under the Alternative Portfolio declines steadily. By 2032, total water use
in the Alternative Portfolio is 20% (10,000 acre-feet) less than water use in 2017. For reference, if not

used for power generation, that volume of water could meet the household consumptive needs of over
100,000 people for a year. In contrast, water use for power generation grows under the Selected
Portfolio (Figure St"

16 We assume the energy from market purchases and exchanges is likely generated at natural gas plants.
17 Assumes a discount rate of 7.5%.
18 Data from IRP, Attachment F.1(b)(5). Water use for the Alternative Portfolio is based on data in the IRP
(Attachment D.3) and EIA Form 923 (2016).
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Water Use: APS' Selected Portfolio vs. Alternative Portfolio
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Tucson Electric Power

The Alternative Portfolio represents a more diverse fuel mix, and reduces carbon emissions and water
use associated with TEP's load. The Alternative Portfolio differs in several key ways from TEP's Selected
Portfolio. Under the Alternative Portfolio, the renewable capacity added generally matches that in TEP's
Selected Portfolio; however, this capacity it is added early in the period, rather than delayed until the

mid-2020s. In addition, 200 MW of wind and 150 MW of solar are added in the latter portion of the 15-
year planning period. Battery storage and energy efficiency resources displace the proposed natural gas
resources, reducing total natural gas burn in the Alternative Portfolio.

Under TEP's Selected Portfolio, the utility appears to assume a significant amount of off-system sales
due to the fact that the total generation (in Gwh) reported in the plan exceeds the utility's load
requirements. This excess would be even greater due to energy savings achieved through expanded
energy efficiency as contemplated in the Alternative Portfolio. In the Alternative Portfolio, we reduce

that excess generation, primarily by reducing output at fossil fuel plants. Whereas under TEP's selected
portfolio, renewables (including both utility-scale and distributed PV) represent approximately 20% of
the total energy needs (including wholesale sales)19 in 2032, under the Alternative Portfolio, renewables
account for 36% of the energy mix (or 41% of total supply-side resources). Energy efficiency meets a
larger portion of demand, and natural gas and coal represent smaller portions of the total energy mix
(Figure 9).

To estimate the carbon emissions of the Selected Portfolio and the Alternative Portfolio, we calculate
the carbon emissions associated with all of TEP's energy generation, and then adjust those emissions to
reflect only TEP customers' share (roughly 67% of the total emissions).20 As shown in Figure 10, under

19  Es tima ted  from IP Chart 53 , wh ich  inc ludes  a ll gene ra tion .
20 Th is ana lys is  assumes the o ffsystem sa les are  the average energy mix o f coa l, renewables, and natura l gas.
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the Alternative Portfolio, emissions decline more rapidly than under TEP's Selected Portfolio, and are

roughly 36% lower in 2032 than in 2017. Water used for power generation declines under both TEP's

Selected Portfolio and the Alternative Portfolio, but there is a more significant reduction under the

Alternative Portfolio, due to the displacement of fossil resources with higher levels of energy efficiency

and renewables (Figure 11).
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Emissions: TEP's Selected Portfolio vs. the Alternative
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Operational Issues
Beyond meeting peak demand and energy needs, we recognize that the increased penetration of

renewable energy is leading to new system challenges. For example, flexible ramping resources may be

needed to accommodate certain ramping events, such as when solar PV generation declines in the

evening. Additionally, the abundance of solar energy during midday in certain lowload months may lead

to overgeneration events in which there is more renewable energy being generated than the system can

accommodate. In particular, APS operates the Palo Verde Nuclear Generating Station which consists of

inflexible steam units that cannot be ramped down below a certain minimum operating level. Coal units

are also relatively inflexible but can still accommodate some amount of cycling. While we think there are

many effective strategies for addressing these issues, it is important to study them to better understand

when and where they could become significant.

As such, we conducted a preliminary analysis of the overgeneration and ramping issues on Aps' system

under the Alternative Portfolio using 8760 load and renewable resource data. We also considered these

issues for TEP's portfolio, and have conducted a high-level assessment of ramping needs, but have not

yet completed the same level of analysis due to time and resource constraints.

The highlights of this analysis are provided below. Beyond this high-level assessment, we recognize that

a more detailed modeling effort using production cost simulations could be valuable in better

understanding these operational challenges. We would be eager to collaborate with APS and TEP on

conducting such modeling exercises to understand the overall annual and multiyear impact on system

cost and reliability.

Over generation

We assessed the overgeneration issue by calculating the 8760hourly load and net load (including the

impact of large-scale wind and solar) on the system and comparing this to the Palo Verde minimum

operating capacity on Aps' system (1146 MW). We find that overgeneration events occur on several

days throughout the year, but are still relatively infrequent over the course of the year and are most

severe in spring months (e.g. April). The addition of energy storage serves to partially alleviate this

problem, particularly for overgeneration caused by distributed energy resources that is not curtailable.

Largescale renewables can also be curtailed to help further address the problem. Below is an example

of one of the most challenging days in 2032 illustrating how the system could be operated through a

combination of energy storage and renewable resource curtailment. Note that this is an extreme case

that occurs far into the future, but still appears to be manageable. On an annual basis, we estimate that

curtailment of large-scale renewable energy output (in Mwh) could reach approximately 6% by 2025.

We recommend additional steps to further reduce the amount of curtailment:

Encourage or require dispatchable capabilities for future distributed generation resources.

Target electric vehicle load towards daytime load through workplace, school bus, and freight

vehicle charging programs.

Identify opportunities for off-system sales, or market participation, particularly with trading

partners in the northern part of WECC that may not have abundant solar resources.
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Challenging Spring Day (4/12/2032)
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Figure 12. Illustration of one of the most challenging days for overgeneration analyzed in 2032 in this case, o combination of
batterystorageand renewable f£'SOUl(6 curtailment can prevent overgeneration from affecting the minimum operating level of

thePolo Verde Generating Station

During summer months, overgeneration is not an issue on Aps' system.
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Typical Summer Day (7/13/2032)
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Figure 13. Illustration of the net load/or a summer day. As this illustrates for many months of the year overgeneration is nota
COri( err.

Ramping

Both APS and TEP describe flexible ramping as a significant future challenge for operating their systems.
In particular, TEP notes increasingly significant 10minute ramping needs going forward and provided an

analysis of its ability to meet these needs going forward.

The following chart details the ramping need and capability on TEP's system in 2024 under the

Reference Case. We note that under the "Base Case" or "Geographically Dispersed RE" case analyzed by
TEP, there is an excess of approximately 250-280 MW of ramping resources. Even under the worst case
(i.e. "Geographically Concentrated RE"), and the removal of Sundt Units 3 & 4 there is still an excess of
approximately 100 MW. Based on this analysis we believe it may be prudent to delay the addition of
some of the proposed new RICE units in order to avoid excess procurement of ramping resources.
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TEP Ramping Requirements Under Alternative Siting Scenarios far Future Renewable Energy
and Their Comparison to TEP Ramping Resources Under Optimal Conditions (2024)

600 l l iiIlll

S 11

Number al Days with Ramps > t 200 MW

3 28 118

Eu
to

N
to
zo
to

to

up
w e to

pa
.
4 l

W

§
3 .
E
Lr
E
2
5

N e w

RQSOUKPS

110 l

109

E

zoo
n

as
HIS

U
4
z zoo
ac
s
a

5
2
:E
2
2 us

s o
Mn

46.545.516.5 - s

16345.546.5 165

o

I Wilma! MRS
INK( 10
xnltl 9
llllC£ s
1 puff 1
:m u 6

.J N 111 s
: lu l l  4
NUM! 1
1 l1f t 7
1 Mr! I

J ( la  I
| <1ll 1
| l Ull
I nm and NIL
I SunM a
I Sun dl J
I §pnngavvllr l
I Spnngwvllr I
l Fou (amen A anil 9
I Max lnUvmtUncy Ramp
l 99 9th "v InielnNnnq DUmp
I Non $pinmnl keseve
l spnnng Reserve

1 hut e  A. new
W unw M

<. . my
nnronValoi RI

i  . n r v
$olar Rama Impnnrn RI

Figure 14. TEPs analysis of 10minute rampIng needs under various renewable energy scenarios. Source: TEP presentation at the
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Under the Alternative Portfolio, since significant energy storage and ramp-reducing DSM resources are
added in earlier years, we assume the first RICE unit addition could be delayed from 2020 to 2022. The

reduced need for RICE units is further illustrated below:

Reference Case - Winter Day

3,000

2,000. . . .4

, /
w :

4 B .

.41 r 1,000

2500

2000

1500

1000

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

R I C ELoad ServingTraditional Fossil _

_ DG R e s o u rce sLoad ServingRenewables

i gEE Resources Ba t te ry  S to ra g e

----° TEP Gross Load

Figure 15. Illustration of loadserving loadmodifying and grid balancing resources under TEPs Reference Case (replicating
TEPs analysis in Chart 19 of their Dlan)
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High EE and ES Case - Winter Day
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Figure 16. Il lustrat ion of the reduct ion in gr id balancing resources tha t are needed under  a por t fo l io th a t includes o higher
amount of  energy ef f ic iency and energy sto r age (such as the Alternat ive Por t fo l io)

Under TEP's Reference Case, a total of approximately 250 MW of grid balancing resources (192 MW of
RICE units and 55 MW of energy storage) are added to provide ramping capabilities while delivering 30%
renewable energy in 2030. Under the Alternative Portfolio, we have accelerated the procurement of

these same renewable resources (325 MW wind and 450 MW solar PV) to occur by 2024. Within the
same timeframe, an equivalent 250 MW of grid balancing energy storage resources to provide grid
balancing services, in addition to the 100 MWs of RICE units. Additional energy storage is also added in
later years corresponding with additions of solar PV resources. Further study may be needed to ensure

sufficient 10-minute ramping beyond 2024.

APS did not provide a quantitative assessment of its flexible ramping needs and capabilities in its RP,

but did provide quantitative information in response to a data request. In response to this request, APS
provided estimates of the ramping capabilities of new and existing generators in terms of Mw/min. It
also provided estimates of future 1hour and 3hour ramping needs while noting that projections of its

10-minute ramping needs were unavailable. We chose to analyze 3hour ramping needs since this is a
common metric that has been used in recent years by the California ISO to assess flexible resource
adequacy. To assess the performance of the Alternative Portfolio, we calculated the maximum 3-hour
ramp in each year based on hourly net load. In addition, we estimated the ramping capability on the
system from both existing and new resources. The 3-hour ramping capability was estimated based on
the ramp rates for each resource type provided by APS in response to a data request and the capacity of
each resource type on Aps' system under the Alternative Portfolio." The chart below summarizes the
ramping needs versus the capability on Aps' system under the Alternative Portfolio. We note that there
are sufficient ramping resources to meet Aps' needs in each year under the Alternative Portfolio.

2 . . . .
1  In  c a s e s  wh e r e  a  r a n g e  o f r a m p  r a te s  wa s  p r o v i d e d ,  we  s e l e c te d  th e  m i d p o i n t  o f  th i s  r a n g e

3 2
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APS Ramping Needs vs. Capability (Alternative Portfolio)
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Figure 17.Comparison ofAP$ 3hour ramping needs and ramping capabilities over the 15year planning horizon under the
Alternative Plan.

Voltage

We recognize that part of the justification for building certain natural gas units such as the RICE units
proposed by TEP (and previously the Ocotillo project proposed by Aps) is to ensure the system has

sufficient voltage support within a specific local area. Since we have removed several of these units it
may be necessary to provide location-specific voltage control using other technologies. As such, in the
TEP portfolio, we also included the cost of adding 200 Mvar of synchronous condensers and/or capacitor
banks, which are also capable of providing local voltage support. According to the NREL Distribution
System Upgrade Unit Cost Database, the unit cost of a capacitor bank ranges from approximately $26-
61/kVar. Recent estimates of the cost of a synchronous condenser range from $1o-40/kvar." Assuming
an average cost of $40/kVar, we estimate the cost of these 200 MVar of voltage support additions to be
approximately $8 million.

22 See:http://ieeexplore.ieee.org/iel7/7527139/7539405/07539450.pdf
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Electric Vehicles
While electric vehicles (Evs) are still a small percentage of the vehicle fleet, the adoption rates have
increased rapidly in recent years. With declines in battery prices, improvements in technology, and

manufacturers' plans to deliver additional electric vehicle models, EV sales are expected to continue
rising. And in Arizona, Governor Ducey's commitment to advancing electric vehicle innovation through
the Intermountain West Electric Vehicle Corridor" will help accelerate EV adoption in the state. Electric
vehicles will increase total energy demands, but can provide a number of benefits, including air quality
and public health benefits from reducing emissions of NOx and coz, as well as electric grid benefits. As

TEP noted in its IRP, welltimed EV charging could take advantage of midday solar resources, thereby
helping to address overgeneration concerns. Off-peak charging can take advantage of under-utilized

utility resources, reducing overall customer costs.

The effect of electric vehicles on utility infrastructure is still uncertain; however, it is critical that utilities
evaluate the demands and the potential benefits in a quantitative manner. Various utility and academic

studies" have evaluated key EV issues, including the number, type, and distribution of EV charging
stations, charging energy demands and impact on peak demands; and the ability to shift charging to off
peak times to maximize customer benefits. We recommend APS and TEP develop similar studies,
evaluating the following levels of EV penetration in their service territories:

Moderate adoption level: 4% of all passenger vehicles (including fleet vehicles) in 2025 are
battery electric (BEV) or plug in hybrid electric vehicles (PHEVs)25

High adoption level: 8% of passenger vehicles are BEVs or PHEVs in 2025. This level of adoption

is consistent with achieving a target of 1 million EVs in Arizona in 2030.26

Specifically, those studies should quantify

Total electric demand;

The number, type, and cost of charging stations under a scenario where most charging takes

place at home, overnight,

10_3_;7 finalpdf

23 Memorandum of Understanding Between Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah and
Wyoming Regional Electric Vehicle Plan for the West, October 12, 2017.
httDs://azgovernor.gov/sites/default/files/rev_west plan mou_
24 See, for example:

s Phoenix Business Journal, January 18, 2018. "SRP studying how electric vehicles impact the power grid"
https://www.biziournals.com/ohoenix/news/2018/01/18/srpstudvinghowelectric veh|.clesim0act the.ht.mI
Southern California Edison, 2017. The Clean Power and Electrification Pathway,
https1//wwwedisoncom ntent/dam/eix/documents/ourperspective/gl7pathwavto_ 2080 whiteoaperpdf.

U.S. Department of Energy, 2017. National PlugIn Electric Vehicle Infrastructure Analysis.

Ceres and MJB&A, 2017. Accelerating Investment in Electric Vehicle Charging Infrastructure: Estimated Needs in
Selected Utility Service Territories in Seven States.

Zs This level is consistent with recent national projections by Edison Electric Institute and Bloomberg New Energy
Finance, but less than the estimated amount of EVs in the vehicle fleet in states that have adopted a ZEV sales
requirement as part of a vehicle fuel efficiency standard.
26 This is also roughly consistent with the most aggressive state goals, including California's EV targets.
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The number, type, and cost of charging stations, under a scenario where higher levels of

charging take place during the day in order to utilize lowcost solar PV;

The appropriate mix of public and private charging stations; and

The role of utilities in scenarios where they own both public and private charging stations and

where they do not, and where there is mixed ownership in the marketplace.

In sum, we believe this type of focused study can help identify the potential customer benefits of

electric vehicles and inform the appropriate level of utility investment in EV charging infrastructure. The

plans should inform utilities' strategic investments in EV charging infrastructure and promoting EV sales.

Concluding Observations
In this filing, we have presented candidate Alternative Portfolios for both APS and TEP. These portfolios

shift the emphasis of new resource investments from natural gas to renewable energy, energy storage,

energy efficiency, and demand management.

Our preliminary analysis has shown that these Alternative Portfolios are capable of meeting both

utilities' energy and peak demand needs well into the future. Furthermore, we are reasonably confident

that they will be able to manage other operating needs such as flexible ramping, overgeneration, and

voltage control. Finally, the portfolios appear to outperform the utilities' selected portfolios on a variety

of metrics including cost (revenue requirements), emissions, and water use. As such, we recommend

that the Commission take steps to ensure that the resource procurement decisions taken by APS and

TEP in their near-term action plans are consistent with the Alternative Portfolios presented here.
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